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We present an experimental study of cavity assisted Rydberg atom electromagnetically induced
transparency (EIT) using a high-finesse optical cavity (F ∼ 28000). Rydberg atoms are excited
via a two-photon transition in a ladder-type EIT configuration. A three-peak structure of the
cavity transmission spectrum is observed when Rydberg EIT is generated inside the cavity. The
two symmetrically spaced side peaks are caused by bright-state polaritons, while the central peak
corresponds to a dark-state polariton. Anti-crossing phenomenon and the effects of mirror adsorbate
electric fields are studied under different experimental conditions. We determine a lower bound on
the coherence time for the system of 7.26 ± 0.06µs, most likely limited by laser dephasing. The
cavity-Rydberg EIT system can be useful for single photon generation using the Rydberg blockade
effect, studying many-body physics, and generating novel quantum states amongst many other
applications.
PACS numbers: 36.90+f, 39.25+k, 32.10-f, 33.80.Rv
I. INTRODUCTION
Rydberg atoms, i.e. highly excited atoms correspond-
ing to large principal quantum number, n, have been well
studied for several decades [1]. At least in the case of al-
kali atoms, Rydberg atoms are now emerging as a tool
for quantum technologies partly because their properties
can be engineered by state selection and the application
of electro-magnetic fields. Rydberg atoms possess many
exaggerated properties that can be useful for controlling
matter and electro-magnetic fields at the quantum level,
such as large geometrical size, long lifetime, large tran-
sition dipole moments between neighboring levels, and
large polarizability. Recently, research has focussed on
their strong interactions, leading to the Rydberg block-
ade effect that allows collective excitations to be created
[2, 3]. A number of review articles exist on various spe-
cific topics, e.g., Rydberg atom interactions [4, 5], quan-
tum information with Rydberg atoms [6, 7], Rydberg
atoms in magnetic fields [8] and microwave field sens-
ing with Rydberg atoms [9]. New experiments and the-
ory, where collective Rydberg excitations created in ul-
tracold gases are used to shape electro-magnetic fields
at the quantum level are beginning to attract increasing
attention [10–22].
Cavity quantum electrodynamics (CQED) is aimed at
investigating the interaction between matter and electro-
magnetic fields confined within a resonator and has been
widely studied in a large variety of systems. The matter
can be neutral atoms [23, 24], ions [25, 26], molecules [27],
quantum dots [28], nitrogen-vacancy centers [29], etc.,
and the resonator includes millimeter-wave cavities [30],
optical cavities [31], microtoroid cavities [32], photonic
crystal defect cavities [33], fiber cavities [34], supercon-
ducting stripline resonators [35], surfaces [36], etc. Prin-
cipally, the cavity restricts the field modes with which the
matter inside the cavity can interact and allows the emit-
ted light corresponding to those modes to be detected as
it leaks out of the cavity. The light emitted from the
cavity carries information about the quantum state of
the system inside the cavity and can possess interesting,
useful quantum properties.
Placing Rydberg atoms inside an optical cavity com-
bines the fields of Rydberg atoms and CQED. By uti-
lizing electromagnetically induced transparency (EIT)
[37, 38] and Rydberg atom interactions, such a composite
system can be very useful for both fundamental physics
and applications, such as the synthesis of novel quantum
states using Rydberg atom blockade that are difficult to
do using other means, e.g. multi-atom entangled states.
Recently, a few experiments have investigated the Ryd-
berg atom-cavity system in both the dispersive [39] and
resonant [40, 41] regimes. Intracavity EIT phenomena
[42–46] with Rydberg atoms has been observed in low
[40] and intermediate [41] finesse optical cavities.
FIG. 1. (color online) (a) The energy level diagram of 87Rb
atoms used for Rydberg EIT. (b) Schematic of the experimen-
tal setup. The atoms are transported into the high-finesse
cavity from a MOT using a single beam optical dipole trap
controlled by a focus-tunable lens.
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2In this work, we report our experimental investigation
of cavity assisted Rydberg EIT inside a high finesse op-
tical cavity, F ∼ 28000. The advantage of using a high
finesse cavity is that, in principle, few-body problems
can be studied inside the cavity [47, 48]. By using a rela-
tively high finesse optical cavity and a small cavity size,
the single atom coupling constant, g, can be comparable
to the atomic and cavity decays. Therefore, the so-called
strong-coupling regime can be achieved with only a few
atoms inside the cavity. Using Rydberg atom blockade
to create collective ‘super atoms’, the atom-cavity cou-
pling can also be increased by a factor of
√
N , where N
is the number of participating atoms, which can enhance
the single photon emission rate for a deterministic single
photon source, or even a multiple photon source [49].
The challenge of using a small cavity for Rydberg
atoms is that when the cavity mirrors are close to the
atoms, electric fields from adsorbates that stick to the
cavity mirrors can significantly shift the energy levels
of the Rydberg atoms [50]. In this work we character-
ize these electric fields using the Rydberg atom cavity
assisted EIT signal. We achieve a coherence time of
7.26 ± 0.06µs for the system. The coherence time is a
lower bound because this is approximately the dephas-
ing time for our lasers. We demonstrate anti-crossing be-
havior in the atom-cavity system in the non-interacting
Rydberg atom regime to show that coherent dynamics
are possible in a high finesse cavity. The demonstrated
coherence time is long enough to carry-out research in
many of the areas mentioned earlier in the introduction.
II. THEORETICAL ANALYSIS
We consider a composite atom-cavity system that con-
sists of a single-mode cavity containing N three-level
87Rb atoms with a ground state |1〉 (5S1/2, F=2), an
intermediate state |2〉 (5P3/2, F=3), and a highly excited
Rydberg state |3〉 (nS or nD) driven via a two-photon
transition in a ladder-type EIT configuration, as shown
in Fig. 1(a). The cavity mode couples the atomic tran-
sition |1〉 → |2〉 with a single-atom coupling constant
g = µ
√
ωp/2~ε0V . Here, ωp is the EIT probe laser fre-
quency because we are concerned with the probe laser
field that is coupled into the cavity. µ is the atomic tran-
sition dipole moment for the probe transition, |1〉 → |2〉,
and V is the cavity mode volume. The classical coupling
laser drives the atomic transition |2〉 → |3〉 with Rabi
frequency Ωc. ∆p = ωp−ω12 is the probe laser detuning
and ∆c = ωc − ω23 is the coupling laser detuning. ωij
is the transition frequency of the respective transitions
shown in Fig. 1. ωc is the coupling laser frequency. The
interaction Hamiltonian for the atom-cavity system with-
out considering the interaction between Rydberg atoms
is
Hint = −~
∑N
j
(gaˆσˆ
(j)
21 + Ωcσˆ
(j)
32 ) +H.c., (1)
where σˆ
(j)
lm (l,m = 1,2,3) is the atomic operator for the
jth atom and aˆ is the annihilation operator for intracavity
photons. The Hamiltonians for the atoms and the field
are Hatom = ~
∑N
j [∆pσˆ
(j)
22 +(∆p+∆c)σˆ
(j)
33 ] and Hfield =
~∆θa†a, respectively. ∆θ = ωcav − ω12 is the cavity field
detuning. ωcav is the cavity mode frequency. For this
system, the equation of motion for the intracavity field
is [51]
˙ˆa = − i~ [aˆ, Hatom +Hfield +Hint]− γ1+γ22 aˆ+
√
γ1aˆin
= −(γ1+γ22 − i∆θ)aˆ+ i
∑N
j gσˆ
(j)
12 +
√
γ1aˆin.
(2)
Here, γ1,2 are related to the coupling constants for the
external and internal cavity fields on each of the two cav-
ity mirrors, and γ = γ1 = γ2 for a symmetric cavity. In
Eqn. 2 the input mirror is denoted by the subscript 1
while the output mirror is denoted by subscript 2. The
transmission of each mirror is related to γ through the
round trip time of the cavity, Ti = 2Lγi/c. L is the cav-
ity length. See Ref. [51] for a more detailed discussion.
The steady-state solution for the intracavity field in the
frequency domain is
aˆ(ωp) =
√
γaˆin(ωp)
γ − i∆− iωpl2L χ
. (3)
Here, we have assumed a symmetric cavity for simplicity
of notation. l is the length of the atomic sample. ∆ =
∆p − ∆θ = ωp − ωcav is the detuning of the input field
from the cavity resonance. χ is the atomic susceptibility
[52],
χ =
i|µ|2ρ0
~0(γ12 − i∆p + |Ωc|2/4γ13−i(∆p+∆c) )
. (4)
γ12 = (Γ1 + Γ2)/2 is the decay rate of the intermediate
state, where Γ1 is the decay rate of |1〉 and Γ2 is the
decay rate of |2〉. Γ1 is assumed to be zero for our cal-
culations. ρ0 is the atomic density. γ13 = (Γ1 + Γ3)/2 ≈
Γ3/2 ≈ Γ32/2 is the decay rate from the Rydberg state
with Γ3 the Rydberg state decay rate which is approx-
imately the decay rate of the Rydberg state to |5P3/2〉.
The latter assumption is well justified because this is the
largest transition frequency from the Rydberg state for
any allowed transition in the physical system. χ in Eqn. 4
is derived assuming the rotating wave approximation, a
weak probe field and little population in the intermedi-
ate and Rydberg states [52]. The probe field transmitted
through the cavity is |aˆout|2 = γ|aˆ|2.
Under conditions of high mirror reflectivity, R ≈ 1, and
a small round trip phase shift, these results are equiva-
lent to a semi-classical formula for the cavity transmission
function where the linear dispersive and absorptive prop-
erties of the intracavity medium are taken into account
[53]. The intensity transmission function of the coupled
3FIG. 2. (color online) (a) Setup of the lens system for the dipole trap. The middle lens is a focus-tunable lens, which has a
focal tuning range of 90 − 160 mm, controlled by an applied current. (b-d) Fluorescence images that show the process of the
atoms moving into the cavity.
atom-cavity system in this picture is [53]
S(ωp) =
T 2
1 +R2α2 − 2Rα cos[(∆ + (ωpl/2L)χ′)2L/c] ,
(5)
where α ≡ exp[−ωplχ′′/c] describes the intracavity ab-
sorption, R is the reflectivity of the mirrors and χ =
χ′ + iχ′′ with χ′ being the dispersive and χ′′ the absorp-
tive components of the susceptibility. If R ≈ 1 and both
the absorption and cosine term are expanded to first or-
der, Eqn. 5 is proportional to
| aˆout |2
| aˆin |2 =
T 2
|T − i 2Lc (∆ + ωplχ2L )|2
, (6)
which can be obtained from Eqn. 3 and |aˆout|2 = γ|aˆ|2.
We use Eqn. 5 to analyze our data.
When the argument of the cosine term of Eqn. 5 is
an integral of pi, the transmission through the cavity is
a maximum. The peaks in the spectrum are determined
by the condition ∆ = −ωp(l/2L)χ′. The cavity trans-
mission, then, measures the phase shifts caused by the
light-matter interactions. Theoretically, there are five
transmission peaks in the cavity assisted EIT spectrum
that correspond to conditions where strong light-matter
interactions occur. The central peak results from the nor-
mal dispersion associated with the preparation of the EIT
dark state. The two pairs of symmetrically distributed
side peaks that are observed in the cavity assisted EIT
transmission are associated with states that can absorb
light. The two peaks lying closest to central EIT dark
state are the result of the dispersion where the slope is
4negative, or anomalous dispersion. These features of the
spectrum are difficult to detect because the absorption is
large at these detunings. The outer, bright state peaks
appear on the wings of the atomic absorption peak so
they are more readily observed. These two outer peaks
correspond to normal dispersion. The phase shifts that
minimize the cosine term in the cavity transmission are
an indication of strong light-matter interaction so they
can be identified as polaritons. The ‘bright’ polaritons
are associated with the absorbing matter states and the
‘dark’ polariton is associated with non-absorbing matter
states.
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FIG. 3. (color online) Measured cavity transmission versus
probe laser detuning. The thick black line is the experimen-
tal data. The thin red line is the theory corresponding to
Eqn. 5 of the text. The data is the average of 30 traces.
Ωp/2pi = 9.1 MHz. (a) Empty cavity. (b) Two-level atoms,
i.e. Ωc = 0 MHz. (c) Rydberg EIT for the 35S1/2 Rydberg
state, Ωc/2pi = 4.1 MHz. There are ∼ 25 atoms in the in-
teraction region in the cavity. There is some instrumental
broadening in these traces caused by the averaging and the
signal integration.
III. EXPERIMENTAL
The experiment is performed by exciting ultracold
87Rb atoms to Rydberg states inside an optical cavity,
as shown in Fig. 1(b). The atoms are first loaded into a
single beam optical dipole trap at 1064 nm with a calcu-
lated 420µK depth from a magneto-optical trap (MOT),
which is ∼ 2 cm away from the cavity. We estimate the
temperature of the atoms in the trap to be < 10µK.
The atoms are transported into the cavity using a focus-
tunable lens (Optotune EL-10-30-Ci). By properly de-
signing the optical system, as shown in Fig. 2(a), the
focal position of the dipole trap laser can be dynami-
cally controlled while maintaining a constant beam waist,
which minimizes the loss and heating of the atoms in
the trap during the transportation [54]. The beam waist
is ∼ 30µm. We use ∼ 4 W of light to form the atom
trap. Fig. 2(b)-(d) show the fluorescence images of mov-
ing atoms as they are transported to the cavity. The
Rydberg EIT coupling laser light, ∼ 480 nm, is injected
through the gap between the cavity mirrors. The cou-
pling laser beam spot size is ∼ 30µm. The probe laser,
∼ 780 nm, propagates along the cavity axis. The light
transmitted through the cavity is coupled into an opti-
cal fiber to minimize the background noise and detected
by a photomultiplier tube detector (PMT) (Hamamatsu
H10721-20).
The cavity consists of two 7.75 mm diameter mirrors
with 25 mm radii of curvature separated by 900µm. The
reflectivity of the input mirror is 99.9985% and the re-
flectivity of the output mirror is 99.985%. The measured
finesse of the cavity is F ∼ 28000. The waist size of
the TEM00 mode of the cavity is ∼ 30µm. The relevant
CQED parameters for the system are (g, κ, γ12)/2pi =
(3 MHz, 3 MHz, 3 MHz), where κ and γ12 are the half-
width-half-maximum of the cavity and atomic decays,
respectively. The corresponding cooperativity is C =
0.125. To control the length of the cavity, the mirrors
are mounted on two shear-mode piezoelectric transducers
(PZT) (Noliac CSAP02), which are attached to a copper
block. The PZTs are topped by a grounded, aluminum
foil sheet in order to shield the atoms from the electric
field created by the voltages applied to the PZTs. The
copper block sits on RTV silicone (Dow Corning 736) to
provide vibration isolation. A heater (Watlow CER-1-01-
00335) is attached to the copper block to heat the block
above room temperature. The cavity is typically heated
to∼ 50◦C. The temperature is regulated with an external
temperature control circuit. The cavity is actively stabi-
lized by locking it to a transfer laser at 852 nm, which is
frequency stabilized by locking it to an ultra-stable cav-
ity. The cavity frequency can be tuned by changing the
frequency of the sideband used to lock the transfer laser
[55].
FIG. 4. (color online) (a) The positions of the cavity transmis-
sion peaks as a function of cavity detuning, ∆θ/2pi, for the
35S1/2 Rydberg state. The solid lines are the peak centers
calculated from Eqn. 5. (b) The cavity transmission spec-
tra for different cavity detunings as a function of probe laser
detuning. The parameters are the same as in Fig. 3.
5IV. DISCUSSION
Figure 3 shows the measured cavity transmission of the
probe laser versus the probe detuning, ∆p/2pi. The black
lines are experimental data and the red lines are theoret-
ical calculations based on Eqn. 5. The transmission peak
of the empty cavity, i.e. no atoms in the cavity, is plotted
in Fig. 3(a) as a reference. The probe laser frequency is
scanned by an AOM in a double-pass configuration and
a noise-eater is used to stabilize the probe laser power.
Fig. 3(b) shows the probe laser cavity transmission when
two-level atoms are inside the cavity, i.e. only the probe
field is applied. We observe two transmission peaks, the
normal atom-cavity modes, at ∆ = ±√Ng, from which
we estimate that there are ∼ 25 atoms in the interac-
tion region which has dimensions ∼ 30 × 30 × 30µm3
(not the cavity mode volume). The atomic density in
the optical dipole trap, or the atom number, can be con-
trolled by changing the position where the dipole trap
is loaded relative to the MOT, which causes a change of
the atomic density of more than two orders of magnitude.
The change can be observed by measuring the frequency
splitting shown in Fig. 3(b).
The optical dipole trap is on during the measurements,
which results in an effective AC Stark shift of the EIT res-
onance conditions of ∼ 16 MHz. The atoms at different
locations inside the trap can experience different detun-
ings due to the AC Stark shift. These spatially depen-
dent energy shifts can lead to inhomogeneous broaden-
ing of the cavity transmission spectrum. Inhomogeneous
broadening can hinder the observation of the intracavity
EIT spectrum and affect the measured lineshape.
FIG. 5. (color online)(a) The positions of the cavity transmis-
sion peaks as a function of coupling laser detuning, ∆c/2pi,
for the 35S1/2 Rydberg state. The solid lines are the peak
centers calculated from Eqn. 5. (b) The cavity transmission
spectra for different coupling detunings as a function of probe
laser detuning. The parameters are the same as in Fig. 3.
When the Rydberg coupling laser is turned on, the
cavity transmission spectrum exhibits a three peak struc-
ture, as shown in Fig. 3(c). The two side peaks, shown
detuned from the frequency zero on the trace, are caused
by bright-state polaritons as in Fig. 3(b). The central
peak at zero frequency corresponds to a dark-state po-
lariton. A relatively low-lying Rydberg state, 35S1/2,
is used in Fig. 3(c), so that interactions between Ryd-
berg atoms can be ignored. Moreover, the coupling Rabi
frequency is larger for a fixed blue laser power and the
DC-Stark shift from stray electric fields is smaller as the
Rydberg principal quantum number, n, decreases. De-
spite the trapping field, cavity assisted EIT is observed.
To further verify that cavity EIT is possible despite the
spatially dependent AC Stark shifts, a lambda-type EIT
configuration was first used to measure the inhomoge-
neous broadening. Using the 5S1/2(F = 2)→ 5P3/2(F =
2) → 5S1/2(F = 1) EIT system we measured an EIT
cavity transmission linewidth of 1 MHz. A laser locked
to a saturated absorption setup was used for the cou-
pling laser. The linewidth is limited by the coupling
laser linewidth, ∼ 1 MHz. The transmission linewidth
indicates that the inhomogeneous AC Stark shift across
the sample interacting with the cavity and lasers is not
significant enough to change the three-level EIT disper-
sion curve to an effective two-level dispersion curve [56],
supporting the data shown in Fig. 3(c). The result is
consistent with the fact that the atoms sit in the bot-
tom of the dipole trap since they are at a temperature
of 6 10µK while the trap depth is ∼ 420µK. In prin-
ciple, the broadening can be reduced by turning off the
trap for the measurements or by further cooling the sam-
ple, but later in the paper, when we address static elec-
tric and magnetic fields, we will show that linewidths
of ∼ 140 kHz can be obtained, further supporting these
initial observations.
We observed anti-crossing behavior in both the cavity
field detuning and coupling laser detuning cases for the
35S1/2 Rydberg state. In Fig. 4(a), we plot the positions
of the three cavity transmission peaks as a function of
the cavity field detuning, ∆θ/2pi with the probe laser
on resonance. The anti-crossing behavior shown in the
plot is straightforward to explain, as in coupled two-level
atom-cavity systems [57], it arises from the mixing of
matter and field oscillations. The center peak position
is not very sensitive to the cavity detuning due to the
steep dispersion near the EIT resonance. The slope of the
dispersion at the center peak in Fig. 4(a) is approximately
inversely proportional to the frequency-locking coefficient
η ∼ ∂χ′/∂ωp [58, 59]. Fig. 4(b) shows the probe laser
transmission spectrum as a function of cavity detuning.
Fig. 5 shows the measured cavity transmission spectra
for different coupling laser detunings, ∆c/2pi. Similar to
the cavity field detuning case, the anti-crossing behav-
ior for the two side peaks can clearly be observed in the
coupling laser detuning case, Fig. 5(a). The cavity trans-
mission spectra for different coupling laser detunings are
presented in Fig. 5(b).
The observations in Fig. 4 and 5 demonstrate that it
is possible to observe cavity assisted Rydberg EIT in a
high-finesse cavity. Electric fields do not change the dis-
persion enough to eliminate the cavity assisted Rydberg
EIT signal. The observation of cavity assisted Rydberg
EIT here leads to the question: what is the coherence
6time that can be achieved in the high-finesse cavity?
FIG. 6. This figure shows a sketch of the electric field inside
our cavity as described in the text.
Electric field gradients can cause dephasing that will
limit the coherence time. During the experiment, we ob-
served a relative large electric field near the center of
the cavity, 1.5 ± 0.1 V cm−1. The value of the electric
field was determined by measuring Stark splittings of the
38D5/2 and 33D3/2 Rydberg states inside the cavity. In
the course of these measurements and others with the
35S1/2 Rydberg state, we also observed a magnetic field
of 1 ± 0.3 G. The magnetic field was more difficult to
determine precisely since there were energy shifts from
both the 5S1/2 ground state and the Rydberg states. We
exclude the possibility that the electric fields are gener-
ated by the PZTs or the heater. We operated the system
at different heater currents and different PZT voltages
and observed the same Stark shifts and line shapes. We
conclude that the electric field is due to adsorbates on
the surfaces of the mirrors. Rb can deposit onto the mir-
rors and polarize as it interacts with the surface. These
small dipoles when summed over a surface can produce
a macroscopic electric field. A sketch of this effect in our
cavity setup is shown in Fig. 6. In a recent experimental
study, we arrived at a similar conclusion after a detailed
study of the adsorbate electric field caused by Rb atoms
on a quartz surface [50]. In support of this assertion, we
were able to change the size of the electric field when the
EIT coupling laser beam was misaligned so that it was
scattering off one of the cavity mirrors. Presumably, the
light was desorbing Rb from the mirror surfaces causing
a change in the electric field [60]. Note that the scat-
tering of the 480 nm light can increase the electric field
because the dipole density on the mirrors can become im-
balanced. We also used ultra-violet light to change the
electric field inside the cavity further supporting the idea
that the surface adsorbates are the primary source of the
electric field. We were able to reduce the electric field by
as much as 1 V cm−1 using ultra-violet light generated
by an array of light emitting diodes. We did not observe
any effects associated with charging of the mirror surface
when the LEDs were used.
Although the electric field is significant for a Rydberg
atom, a constant energy shift is not necessarily relevant
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FIG. 7. (color online) This figure shows a cavity transmis-
sion peak corresponding to a dark state polariton formed on
the 5S1/2(mF = 0) → 5P3/2 → 35S1/2(mF = 0) transition.
The linewidth is 138 ± 1kHz. The linewidth corresponds to
a coherence time of 7.26 ± 0.06µs. The data was taken us-
ing the 35S1/2 Rydberg state. The probe and coupling Rabi
frequencies were Ωp/2pi = 1.2 MHz and Ωc/2pi = 5.2 MHz,
respectively. There were approximately 25 atoms in the in-
teraction region of the cavity. The red solid line is a fit to a
Lorentzian. The black solid line is the experimental data. A
magnetic field of ∼ 3.6 G was applied with a single coil and
used for the measurement. The atomic sample was located
on the symmetry axis of the coil.
to many applications. On the other hand, electric field
gradients are important because they can shorten the co-
herence time of the system. To investigate the coherence
time of the system we split the Rydberg state with a mag-
netic field to isolate transitions corresponding to specific
mF transitions. Fig. 7 shows a cavity EIT transmission
signal as a function of ∆p/2pi corresponding to a coher-
ence time of 7.26± 0.06µs. The graph is constructed by
averaging 36 probe laser sweeps. The linewidth of the
spectrum is determined predominantly by the spectral
widths of the probe and coupling lasers, since the con-
volution of the spectral width of each of the two lasers
derived from their locking signals is ∼ 130 kHz. The ex-
pected broadening due to the AC Stark shifts in the trap
is similar in magnitude to the broadening caused by the
lasers. It may be possible to improve the coherence time
by improving the locking of the probe and coupling lasers
as well as turning off the dipole trap during the experi-
ment, although Doppler shifts, the natural linewidth of
the Rydberg state and collisions will limit the coherence
time at some point [61], depending on the specific exper-
imental parameters used.
The fact that electric field gradients play only a small
role in decohering the system results from the small in-
teraction volume in the cavity and the fact that the ad-
sorbates on the surface cover the surfaces uniformly. The
mirrors are highly polished and the dielectric coatings are
7high reflectivity so there is no reason to believe that cer-
tain areas of the mirror near the trap are coated more
than other areas, since the adsorbate coatings are deter-
mined by the thermodynamics and the adsorbate binding
energy [50]. At 50◦ C, the coating is less than a mono-
layer for similar materials. The precise binding energy
of a Rb atom adsorbed to the dielectric stack on the
polished substrate is not known, but the outer protec-
tive oxide layers are similar to quartz which would have
a fraction of a monolayer of Rb at these temperatures
and pressures, dominated by the atoms used to load the
cavity [50]. The Rb binds to oxygen atoms at the sur-
face in the case of quartz and we expect similar behavior
here. There is not enough Rb on the mirrors to signifi-
cantly change the finesse of the cavity because we have
not observed any changes associated with the cavity that
correlate with the intracavity electric fields.
In conclusion, we observed dark state polaritons via
cavity assisted EIT in a high finesse cavity (∼ 28000)
and characterized them as a function of cavity and cou-
pling detuning. Perhaps more interestingly, we studied
the electric fields generated by adsorbates adhering to
the cavity mirrors. We were able to put a lower limit
on the system coherence time of 7.26 ± 0.06µs. The co-
herence time that we measured is limited primarily by
our laser coherence times. The measured coherence time
is long enough to do many interesting experiments, such
as studying collective excitations of Rydberg blockaded
samples in the low excitation limit in the cavity. We be-
lieve that this work helps to open the way for experiments
on wavefunction manipulation with Rydberg blockade by
enabling its study through the analysis of the photons
produced by these interesting entangled states. Achiev-
ing the strong coupling regime with a collective Rydberg
interaction is possible to do by using the
√
N enhance-
ment to the coupling, reducing the cavity mode volume
further, or some combination of the two.
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